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METHOD AND APPARATUS FOR MISTED 
LIQUID SOURCE DEPOSITION OF THIN 
FILM WITH REDUCED MIST PARTICLE 

SIZE 

This application is a continuation-in-part of US. patent 
application Ser. No. 08/653,079 ?led May 21, 1996, aban 
doned and is also a continuation-in-part of US. patent 
application Serial No. 08/892,485 ?led Jul. 14, 1997 noW 
pending Which applications are hereby incorporated by 
reference to the same extent as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to method and apparatus for depos 

iting thin ?lms for use in integrated circuits by forming a 
mist of a liquid, and depositing the mist or a vapor formed 
from the mist on an integrated circuit substrate, and more 
particularly to such a fabrication process Which increases 
both the step coverage and deposition rate of such a process. 

2. Statement of the Problem 
US. Pat. No. 5,456,945 issued Oct. 10, 1995 describes a 

method of misted deposition that has proven to provide thin 
?lms of complex materials that are of the high quality 
necessary for integrated circuit electronic devices. The 
misted deposition process also achieves deposition rates that 
are signi?cantly higher then the deposition rates in other 
methods of depositing complex materials, such as chemical 
vapor deposition. One reason Why the method provides high 
quality ?lms is that it is a loW energy process, therefore the 
complex organic solvents and chemical compounds that are 
used in the process are not carboniZed or otherWise 
destroyed in the process. HoWever, over extreme topological 
features, the misted deposition process of forming the ?lm 
does not provide step coverage as good as the best alterna 
tive integrated circuit fabrication process, chemical vapor 
deposition. Attempts have been made to improve the step 
coverage by using conventional methods of adding energy 
used in chemical vapor deposition processes, such as heating 
the substrate suf?ciently to signi?cantly increase the yield. 
These attempts have lead to ?lms that are carboniZed, 
fractured and of a generally loW quality that is not suitable 
for the fabrication of integrated circuit electronic devices. 
The more complex the compounds one is attempting to 
form, the more serious the problems. Since integrated circuit 
materials are tending to become more complex, and liquid 
source deposition processes are turning out to be the most 
reliable for forming thin ?lms of very high quality, it Would 
be highly desirable to have a liquid source deposition 
process that retained the high quality and high deposition 
rates of the loWer energy misted deposition process, but at 
the same time Was capable of the excellent step coverage 
available in the CVD process. 

Electric ?elds have also been used to assist in deposition 
of mists. HoWever, mists used in making electrical compo 
nents for integrated materials consist of metal-organic 
compounds, such as alkoxides and carboxylates carried by 
inert gases. The gases must be inert, since otherWise they can 
combine With the reactive metal-organic compounds and 
alter the deposition process. HoWever, both the metal 
organic compounds and the inert gases do not ioniZe Well, 
and thus it is dif?cult or impossible to use the electric ?eld 
for anything more than mild poling of the mists. 

SUMMARY OF THE INVENTION 

The invention solves the above problem by providing 
apparatus and methods of depositing misted liquid precur 
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2 
sors in a controlled manner that greatly enhances both the 
step coverage and the deposition rate. The invention also 
provides apparatus and methods of adding energy to the mist 
particles in a misted deposition process in a controlled 
manner that does not break doWn the chemical bonds that 
lead to high quality ?lms. 
The mist is created in a venturi that also ioniZes the 

particles. An electrical mist ?lter is utiliZed to obtain a mist 
of predominately one polarity. 
The invention utiliZes a velocity reduction chamber and a 

“shoWerhead” type inlet plate located above and parallel to 
the substrate to provide a uniform How of mist to the 
substrate. The shoWerhead is relatively large, preferably the 
area over Which the ports in the shoWerhead are distributed 
being equal to or larger than the area of the substrate. 
Preferably, the mist enters the velocity reduction chamber in 
a direction substantially perpendicular to the direction the 
mist exits the velocity reduction chamber. The openings in 
the “shoWerhead” are as close together as possible, Without 
affecting the mechanical stability of the shoWerhead, pref 
erably 0.020 inches or less, edge-to-edge. Alternatively, they 
are uniformly distributed in a randomiZed manner. 

The invention also utiliZes a mist particle electrical accel 
erator to add energy to the particles. Oxygen is added to the 
mist to enhance the charging of the mist. The inlet plate acts 
as one electrode of the accelerator. The invention also 
utiliZes an exhaust port that is in the form of a channel about 
the periphery of and beloW the plane of the substrate. 
The invention also utiliZes a mass ?oW controller for 

precisely controlling the How of precursor liquid to the mist 
generator. This signi?cantly enhances the repeatability of 
the deposition process. 
The invention also provides apparatus and methods for 

deposition that result in a very ?ne and uniform mist; ie a 
mist in Which the vast majority of the mist particles are less 
than a micron in diameter, and the mean particle diameter is 
less than half a micron. 

The invention provides apparatus for fabricating an inte 
grated circuit comprising: (a) a mist generator for forming a 
mist of a liquid precursor; (b) a deposition chamber; (c) a 
substrate holder located Within the deposition chamber for 
supporting a substrate, the substrate holder de?ning a sub 
strate plane; (d) the deposition chamber including: a mist 
inlet assembly in ?uidic communication With the mist 
generator, the mist inlet assembly comprising a mist inlet 
plate, the mist inlet plate having a plurality of inlet ports 
de?ning an inlet plane substantially parallel to the substrate 
plane and distributed over an area of the inlet plate to 
provide a substantially uniform deposition of the mist on the 
substrate; (e) an exhaust port for WithdraWing exhaust from 
the deposition chamber; and the substrate plane located 
betWeen the mist inlet plane and the exhaust port. Preferably, 
the plurality of inlet ports are distributed randomly over the 
area of the mist inlet plate. Preferably, the plurality of inlet 
ports are uniformly distributed in a randomiZed manner over 
the area of the mist inlet plate. Preferably, the area of the 
inlet plate over Which the plurality of inlet ports are distrib 
uted is substantially equal to the area of the substrate. 
Preferably, the apparatus includes a velocity reduction 
chamber located betWeen the mist generator and the mist 
inlet plate. Preferably, the mist inlet plate forms a partition 
betWeen the velocity reduction chamber and the deposition 
chamber. Preferably, the velocity reduction chamber further 
comprises a velocity reduction chamber inlet port located so 
that mist enters the velocity reduction chamber in a direction 
substantially perpendicular to the direction the mist exits the 
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velocity reduction chamber. Preferably, the inlet plate is 
located substantially directly above the substrate Whereby 
gravity assists the deposition of the mist on the substrate. 
Preferably, the eXhaust port substantially de?nes a channel 
about the periphery of an eXhaust plane parallel to the 
substrate plane. Preferably, the deposition charnber further 
includes a mist particle electrical accelerator for electrically 
accelerating rnist particles in a direction substantially per 
pendicular to the substrate plane, and the inlet plate corn 
prises an electrode of the electrical accelerator. Preferably, 
the mist inlet plate is transparent to ultraviolet radiation. 
Preferably, the mist inlet plate includes a conductive coating. 
Preferably, the mist particle electrical accelerator comprises 
a ?rst electrode substantially parallel to the substrate plane 
and having a plurality of rnist inlet ports. Preferably, the ?rst 
electrode is transparent to ultraviolet radiation. Preferably, 
the mist particle electrical accelerator further comprises a 
second electrode substantially parallel to the substrate plane 
and located on the opposite side of the substrate from the 
?rst electrode, and a voltage source for applying an electrical 
voltage to the second electrode. Preferably, the ?rst elec 
trode is located above the substrate plane and the second 
electrode is located beloW the substrate plane Whereby the 
acceleration of gravity is added to the acceleration provided 
by the mist particle electrical accelerator. Preferably, the 
apparatus further includes an electrical rnist ?lter located 
betWeen the mist generator and the mist particle electrical 
accelerator. Preferably, the electrical voltage applied 
betWeen the electrodes is betWeen 1000 volts and 10,000 
volts. 

In a further aspect, the invention provides a method of 
fabricating an integrated circuit, the method comprising the 
steps of: (a) providing a liquid precursor; (b) placing a 
substrate inside an enclosed deposition chamber, the sub 
strate de?ning a substrate plane that is substantially hori 
Zontal; (c) producing a mist of the liquid precursor contain 
ing a metal compound in a solvent; (d) ?oWing the mist 
through the deposition chamber in a substantially vertical 
direction perpendicular to the substrate plane and in sub 
stantially the same direction as the direction of the accel 
eration of gravity, to deposit a layer containing the metal on 
the substrate; (e) treating the layer deposited on the substrate 
to form a ?lrn of solid material containing the metal on the 
substrate; and continuing the fabrication of the integrated 
circuit to include at least a portion of the ?lrn of solid 
material in a component of the integrated circuit. Preferably, 
the step of ?oWing cornprises ?oWing the mist through an 
velocity reduction chamber and an inlet plate having a 
distribution of inlet ports to provide a substantially uniform 
How of rnist betWeen the plate and the substrate. Preferably, 
the method further includes the step of accelerating the mist 
particles through an electrical ?eld in a direction substan 
tially perpendicular to the substrate plane during the step of 
?oWing. Preferably, the step of producing a mist comprises 
providing a mist of electrically charged particles having a 
predorninate electrical polarity and the step of ?oWing the 
mist through deposition chamber to deposit the layer on the 
substrate includes the step of applying an electrical potential 
to the substrate that is opposite in polarity to the polarity of 
the particles. 

In yet a further aspect, the invention provides a method of 
fabricating an integrated circuit, the method comprising the 
steps of: (a) providing a liquid precursor containing a metal 
compound in a solvent; (b) placing a substrate inside an 
enclosed deposition chamber, the substrate de?ning a sub 
strate plane; (c) producing a mist of the liquid precursor; (d) 
?oWing the mist through the deposition charnber While 
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4 
accelerating the mist particles through an electrical ?eld in 
a direction substantially perpendicular to the substrate plane 
to deposit a layer containing the metal on the substrate; (e) 
treating the layer deposited on the substrate to form a ?lrn of 

solid material containing the metal on the substrate; and continuing the fabrication of the integrated circuit to include 

at least a portion of the ?lrn of solid material in a component 
of the integrated circuit. Preferably, the direction of accel 
eration of the mist particles in the electric ?eld is substan 
tially the same as the direction of the acceleration of gravity. 

The invention solves the above problem by providing 
rnisted deposition apparatus and methods for forming and 
depositing rnists having an average particle diameter of 0.5 
microns or less. 

The invention solves the problem of reliability of nebu 
liZers that produce small particles by providing a nebuliZing 
apparatus that has no moving parts, ie a venturi. In corn 
bination With the venturi, the invention provides a mist 
re?ner which removes larger-siZed particles from the mist 
thereby reducing the average siZe of the particles in the mist. 
The rnist particle re?ner is preferably an inertial separator 
Which also operates With no moving parts. 

The invention solves the problem arising from the fact 
that small particles tend to rebound from surfaces in tWo 
Ways: ?rst, it utiliZes a venturi that also ioniZes the particles, 
and employs an electrical accelerator to increase the energy 
of the particles in a controlled manner that does not break 
doWn the chemical bonds that lead to high quality ?lrns. This 
solution leads to another problem, the fact that a charge 
tends to build up on the substrate, Which problem is solved 
by providing a substrate charge neutraliZer and/or by 
grounding the substrate, preferably the latter. In the charge 
neutraliZer solution, particles oppositely charged to the 
charge of the substrate are ?oWed against the underside of 
the substrate to neutraliZe the charge on the substrate Without 
interfering With the deposition process. The solution leads to 
a further problem, the fact that the ioniZed particles of 
opposite charge to those Which are attracted to the substrate, 
tend to deposit on the ?rst electrode of the electrical accel 
erator. This problem is overcome by removing these ioniZed 
particles from the mist With an electrical ?lter. 

The invention also provides a shoWer head type injection 
noZZle Which enhances the even deposition of the mist. The 
substrate is rotated under the shoWer head to further enhance 
the even deposition of the mist. 

The invention provides apparatus for fabricating an inte 
grated circuit cornprising: (a) a deposition chamber for 
containing a substrate; (b) a substrate holder located Within 
the deposition chamber for supporting the substrate, the 
substrate holder de?ning a substrate plane; (c) a mist gen 
erator system for forming a mist of a liquid precursor and 
introducing the mist into the deposition chamber, the mist 
generator including a venturi; and (d) an exhaust assembly 
for WithdraWing exhaust from the deposition charnber. 
Preferably, the venturi comprises a liquid vessel for holding 
the liquid precursor and a gas passage, the liquid vessel and 
the gas passage connected at a throat. Preferably, liquid 
vessel comprises a liquid capillary passage extending doWn 
Ward from the gas passage beloW the throat. Preferably, the 
apparatus further includes a mass ?oW controller for con 
trolling the ?oW of precursor liquid into the liquid passage. 
Preferably, the apparatus also includes a mist re?ner for 
reducing the average siZe of particles in the mist, the mist 
re?ner located betWeen the mist generator and the deposition 
charnber. Preferably, the apparatus further includes a mist 
charger for electrically charging the particles in the mist and 
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a ?rst electrode and a second electrode located in the 
deposition chamber for accelerating the charged mist par 
ticles. Preferably, the liquid precursor comprises a liquid 
selected from the group consisting of metal alkoXides and 
metal carboXylates. Preferably, the liquid precursor includes 
a solvent selected from the group consisting of methyl ethyl 
ketone, isopropanol, methanol, tetrahydrofuran, Xylene, 
n-butyl acetate, octane 2-methoXyethanol, heXamethyl 
disilaZane, and ethanol. 

In another aspect the invention provides apparatus for 
fabricating an integrated circuit comprising: (a) a deposition 
chamber for containing a substrate; (b) a substrate holder 
located Within the deposition chamber for supporting the 
substrate, the substrate holder de?ning a substrate plane; (c) 
a mist generator for forming a mist of a liquid precursor; (d) 
a particle re?ner for reducing the average siZe of particles in 
the mist, the particle inertial separator located betWeen the 
mist generator and the deposition chamber, the particle 
re?ner including a particle inertial separator; and (e) an 
eXhaust assembly for WithdraWing eXhaust from the depo 
sition chamber. Preferably, the particle inertial separator 
comprises: a passage for collimating the How of the 
particles, the passage having an eXit; and a piston for 
de?ecting the How of the collimated particles after they have 
eXited the passage. Preferably, the piston comprises a stem 
having a substantially blunt end. Alternatively, the particle 
inertial separator comprises a curved mist conduit. 
Preferably, the mist re?ner includes a particle velocity 
randomiZing chamber for permitting the velocities of the 
particles to randomiZe. Preferably, the mist re?ner includes 
a plurality of mist re?ner stages, each stage further reducing 
the average siZe of particles in the mist. Preferably, each of 
the stages includes a particle velocity randomiZing chamber 
for permitting the velocities of the particles to randomiZe. 

In a further aspect, the invention provides apparatus for 
fabricating an integrated circuit comprising: (a) a deposition 
chamber for containing a substrate; (b) a substrate holder 
located Within the deposition chamber for supporting the 
substrate, the substrate holder de?ning a substrate plane; (c) 
a mist generator system for forming a mist of a liquid 
precursor and ?oWing the mist into the deposition chamber, 
the mist having a mean particle siZe of less than 1 micron; 
and (d) an eXhaust assembly for WithdraWing exhaust from 
the deposition chamber. Preferably, the mean particle siZe of 
the mist is less than 0.5 microns. Preferably, the apparatus 
includes a particle accelerator for accelerating the particles 
of the mist in the deposition chamber. Preferably, the particle 
accelerator accelerates the particles in a direction substan 
tially perpendicular to the substrate plane. Preferably, the 
particle accelerator accelerates the particles in substantially 
the same direction as the acceleration of gravity. Preferably, 
the mist generator system includes a mist generator and a 
mist re?ner. 

In a further aspect, the invention provides a method of 
fabricating an integrated circuit, the method comprising the 
steps of: (a) placing a substrate inside an enclosed deposition 
chamber; (b) providing a liquid precursor comprising a 
metal compound in a solvent; (c) utiliZing a venturi to 
produce a mist of the liquid precursor; (d) introducing the 
mist into the deposition chamber to deposit a layer contain 
ing the metal on the substrate; (e) treating the layer deposited 
on the substrate to form a ?lm of solid material containing 
the metal on the substrate; and continuing the fabrication 
of the integrated circuit to include at least a portion of the 
?lm of solid material in a component of the integrated 
circuit. Preferably, the method further includes the step of 
reducing the average siZe of particles in the mist. Preferably, 
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6 
the step of reducing the average siZe of particles in the mist 
is performed a plurality of times. Preferably, the metal 
compound is selected from the group consisting of metal 
alkoXides and metal carboXylates. Preferably, the solvent 
includes a liquid selected from the group consisting of 
methyl ethyl ketone, isopropanol, methanol, 
tetrahydrofuran, Xylene, n-butyl acetate, octane, 
2-methoXyethanol, heXamethyl-disilaZane, and ethanol. 

In still a further aspect, the invention provides a method 
of fabricating an integrated circuit, the method comprising 
the steps of: (a) placing a substrate inside an enclosed 
deposition chamber; (b) providing a liquid precursor com 
prising a metal compound in a solvent; (c) producing a mist 
of the liquid precursor; (d) reducing the average particle siZe 
of the particles in the mist by passing the mist through an 
inertial separator; (e) ?oWing the mist into the deposition 
chamber to deposit a layer containing the metal on the 
substrate; (e treating the layer deposited on the substrate to 
form a ?lm of solid material containing the metal on the 
substrate; and (g) continuing the fabrication of the integrated 
circuit to include at least a portion of the ?lm of solid 
material in a component of the integrated circuit. Preferably, 
the step of passing the mist through an inertial separator 
comprises collimating the particles in a mist passage and 
de?ecting at least some of the collimated particles. 
Preferably, the step of reducing the average siZe of the 
particles in the mist comprises reducing the median siZe of 
the particles in the mist to less than 1 micron. Preferably, the 
step of reducing the average siZe of the particles in the mist 
to less than 1 micron comprises reducing the average siZe of 
the particles in the mist to less than 0.5 microns. 
The apparatus and process of the invention not only 

provides deposition rates of about three to ?ve times faster 
than other methods of depositing compleX integrated circuit 
material, such as CVD, Which rates are comparable to the 
rates of processes used in forming simple integrated circuit 
materials, it also provides better step coverage than the prior 
art misted deposition process. At the same time it retains the 
high quality of materials that the misted deposition process 
has become knoWn for. Numerous other features, objects 
and advantages of the invention Will become apparent from 
the folloWing description When read in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a preferred embodiment of 
the misted deposition apparatus according to the invention; 

FIG. 2 is a schematic diagram of an expansion, heating 
and electrostatic charging chamber according to the inven 
tion; 

FIG. 3 is a partially cut-aWay vieW of a preferred embodi 
ment of a tubular deposition chamber according to the 
invention; 

FIG. 4 is a cut-aWay side vieW of the deposition chamber 
of the apparatus according to one embodiment of the inven 
tion; 

FIG. 5 is an enlarged vieW of a portion of FIG. 4 shoWing 
a detail of the barrier plate support. 

FIG. 6 shoWs the main menu of the computer program 
used to operate the system according to the invention, Which 
menu includes a block diagrammatic illustration of the 
misted deposition system according to the invention; 

FIG. 7 is a perspective vieW of the nebuliZer and mist 
re?ner according to the invention; 

FIG. 8 is a plan vieW of the electrical mist ?lter of the 
nebuliZer/re?ner of FIG. 7; 
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FIG. 9 is a cross-section of the electrical mist ?lter taken 
through line 9—9 of FIG. 3; 

FIG. 10 is a plan vieW of the nebuliZer and mist re?ner of 
FIG. 7, With its cover removed; 

FIG. 11 is a cross-sectional vieW of the nebuliZer through 
the line 11—11 of FIG. 10; 

FIG. 12 is a cross-sectional vieW of the ?rst stage of the 
mist re?ner; 

FIG. 13 is an exploded perspective vieW of the deposition 
chamber according to the invention; 

FIG. 14 is a plan vieW of the base portion of the deposition 
chamber of FIG. 13; 

FIG. 15 is a plan vieW of the deposition chamber With the 
injection port attached to the base portion of FIG. 14; 

FIG. 16 is a cross-sectional vieW of the assembled depo 
sition chamber of FIG. 13; 

FIG. 17 is a block-diagrammatic cross-sectional vieW of 
the ioniZed particle generator portion of the charge neutral 
iZer according to the invention; 

FIG. 18 is a cross-sectional vieW of an exemplary inte 
grated circuit as may be made by the apparatus and methods 
of the invention. 

FIG. 19 is a graph of number concentration versus droplet 
diameter for the prior art misted deposition system; and 

FIG. 20 is a graph of number concentration versus droplet 
diameter for an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

1. OvervieW and Alterative Embodiments 
In a misted deposition process, a liquid precursor for a 

material such as strontium bismuth tantalate is prepared, a 
mist is generated from the liquids, and the mist is ?oWed 
through a deposition chamber Where it is deposited on a 
substrate to form a thin ?lm of the mist on the substrate. The 
?lm and substrate are then treated by UV curing, evapora 
tion in a vacuum, and/or baking, and then annealed to form 
a solid thin ?lm of the desired material, such as strontium 
bismuth tantalate. The basic misted deposition apparatus and 
process is described in detail in US. Pat. No. 5,456,945 
issued Oct. 10, 1995 as Well as numerous other publications, 
so it Will not be described in detail herein. 
As is conventional in the art, in this disclosure, the term 

“substrate” is used in a general sense Where it includes one 
or a number of layers of material, such as 600 (FIGS. 13 and 
18), on Which the thin ?lm may be deposited, and also in a 
particular sense in Which it refers to a Wafer 602, generally 
formed of silicon, gallium arsenide, glass, ruby or other 
material knoWn in the art, on Which the other layers are 
formed. Unless otherWise indicated, it means any object on 
Which a layer of a thin ?lm material is deposited using the 
process and apparatus of the invention. In the preferred 
embodiments herein, substrate 600 Was a six-inch silicon 
Wafer having a silicon oxide layer formed on it and a bottom 
electrode, such as 1120. As knoWn in the art, integrated 
circuit substrates generally comprise a silicon or gallium 
arsenide Wafer having a diameter of from 3 to 8 inches. As 
the technology develops larger substrates Will become avail 
able. Precursor liquids generally include a metal compound 
in a solvent, such as sol-gel precursor formulations, Which in 
general are comprised of metal-alkoxides in an alcohol 
solvent, and metallorganic precursor formulations, some 
times referred to as MOD formulations, Which in general 
comprise a metal-carboxylate formed by reacting a carboxy 
lic acid, such as 2-ethylhexanoic acid, With a metal or metal 
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compound in a solvent, combinations thereof, as Well as 
many other precursor formulations. The preferred solvents 
include methyl ethyl ketone, isopropanol, methanol, 
tetrahydrofuran, xylene, n-butyl acetate, hexamethyl 
disilaZane (HMDS), octane, 2-methoxyethanol, and ethanol. 
An initiator, such as methyl ethyl ketone (MEK), may be 
added just before misting. A more complete list of solvents 
and initiators as Well as speci?c examples of metal com 
pounds are included in US. patent applications Ser. No. 
08/477,111 and No. 08/478,398 both ?led Jun. 7, 1995 
Which are hereby incorporated by reference to the same 
extent as if fully set forth herein. 
The term “thin ?lm” herein means a thin ?lm of a 

thickness appropriate to be used in an integrated circuit. 
Such thin ?lms are less than 1 micron in thickness, and 
generally are in the range of 200 A to 5000 It is important 
to distinguish this term from the same term, i.e. “thin ?lm” 
as used in essentially macroscopic arts, such as optics, Where 
“thin ?lm” means a ?lm over 1 micron, and usually from 2 
to 100 microns. Such macroscopic “thin ?lms” are hundreds 
to thousands of times thicker than integrated circuit “thin 
?lms”, and are made by entirely different processes that 
generally produce cracks, pores and other imperfections that 
Would be ruinous to an integrated circuit but are of no 
consequence in optics and other macroscopic arts. 
The term “mist” as used herein is de?ned as ?ne drops or 

particles of a liquid and/or solid carried by a gas. The term 
“mist” includes an aerosol, Which is generally de?ned as a 
colloidal suspension of solid or liquid particles in a gas. The 
term mist also includes a fog, as Well as other nebuliZed 
suspensions of the precursor solution in a gas. Since the 
above terms and other terms that apply to suspensions in a 
gas have arisen from popular usage, the de?nitions are not 
precise, overlap, and may be used differently by different 
authors. For example, “vapor” When used in its technical 
sense, means an entirely gasi?ed substance, and in this sense 
Would not be included in the de?nition of “mist” herein. 
HoWever, “vapor” is sometimes used in a non-technical 
sense to mean a fog, and in this case Would be included in 
the de?nition of “mist” herein. In general, the term aerosol 
is intended to include all the suspensions included in the text 
Aerosol Science and Technology, by Parker C. Reist, 
McGraW-Hill, Inc., NeW York, 1983. The term “mist” as 
used herein is intended to be broader than the term aerosol, 
and includes suspensions that may not be included under the 
terms aerosol, vapor, or fog. 
The term “electrical” herein, When referring to either the 

“electrical accelerator” aspect of the invention, the “electri 
cal ?lter” aspect of the invention, and the “electrical charg 
ing” of the mist particles is intended to include such aspects 
based on either electrostatic or electromagnetic principles or 
both. 
A block diagram of one embodiment of an improved 

misted deposition apparatus 110 according to the invention 
is shoWn in FIG. 1. The apparatus 110 includes a mist 
generator system 112, an acceleration system 114, a depo 
sition chamber system 116 and an exhaust system 118. A?rst 
portion 120 of a mist conduit 122 connects the mist gen 
erator system 112 and the acceleration system 114, While a 
second portion 124 of the mist conduit 122 connects the 
acceleration system 114 and the deposition chamber 116. An 
exhaust conduit 126 connects the deposition chamber 116 
and the exhaust system 118. The mist generator system 112 
and exhaust system 118 are preferably as described in US. 
Pat. No. 5,456,945, Which is hereby incorporated by refer 
ence to the same extent as if fully set forth herein, and 
therefore Will not be described in detail herein. 
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One embodiment of the acceleration system 114 is shown 
in FIG. 2. It includes an acceleration chamber 130, an energy 
control circuit 131, a ?rst electrode 132 a second electrode 
134, a DC voltage source 136, heaters 138, Which are 
preferably infrared lamps, and heaters 137 and 139, Which 
are preferably resistance heaters. Acceleration chamber 130 
is preferably made of quartZ or other insulating material. 
HoWever, it also may be made of stainless steel, aluminum, 
or other suitable metal. In latter case it Would include quartZ 
WindoWs 142 and 144 and insulators 146 and 148, about the 
mist conduit portions 120 and 148 Where they pass through 
acceleration chamber Walls 147 and 149, respectively. Con 
duit 122 is preferably made of stainless steel tube but also 
may be made of brass alloy, aluminum or other suitable 
metals or other suitable materials. Electrodes 132 are pref 
erably made of brass alloy but also may be made of 
aluminum or other suitably conductive material. Insulating 
couplings 150 and 152 connect conduit portions 120 and 124 
to electrodes 132 and 134, respectively. Electrical Wires 154 
and 156 connect outputs 155 and 157, respectively, of DC 
poWer source 136 With electrical terminals 160 and 162, 
respectively, on electrodes 132 and 134, respectively. Elec 
trical Wire 158 connects electrical output 159 on DC poWer 
source 136 With electrical terminal 164 on second conduit 
portion 124. Insulating feedthroughs 166 and 168 pass Wires 
154 and 156 through chamber Walls 147 and 149, respec 
tively. Preferably, terminals 155 and 159 are positive output 
terminals and terminal 157 is a negative output terminal, 
though they may be oppositely charged also. 

Insulating couplings 150 and 152 are preferably threaded 
plastic couplings, such as PVC, into Which the threaded ends 
of conduit portions 120 and 124 and electrodes 132 and 134 
screW. Pass throughs 146,148 and feedthroughs 166, 168 are 
preferably made of an insulating plastic, such as PVC. 
Electrodes 132 and 134 are preferably identical and are 
preferably made of quarter-inch brass tubes having holes 
170 formed along one side. Holes 170 are preferably 
threaded. ScreWs, such as 174, may be screWed into one or 
more of threaded holes 170 to adjust the How of mist from 
electrode 132 to electrode 134. 

FIG. 4 shoWs one embodiment of the deposition chamber 
system 116 according to the invention. This is the same as 
the deposition chamber described in US. Pat. No. 5,456, 
945, and Will be discussed herein only insofar as it functions 
in combination With the acceleration system 114. Apparatus 
116 comprises a deposition chamber 802 containing a sub 
strate holder 804, a barrier plate 806, a mist input assembly 
808, an exhaust noZZle assembly 810, and an ultraviolet 
radiation source 816. The deposition chamber 802 includes 
a main body 812, a lid 814 Which is securable over the main 
body 812 to de?ne an enclosed space Within the deposition 
chamber 812. The chamber is connected to a plurality of 
external vacuum sources 118 via exhaust conduit 126, Which 
external vacuum sources Will not be described in detail 
herein. Lid 814 is pivotally connected to the main body 812 
using a hinge as indicated at 815. In operation, a mist and 
inert carrier gas are fed in through conduit 24, in direction 
843, and pass through mist input assembly 808, Where the 
mist is deposited onto substrate 600. Excess mist and carrier 
gas are draWn out of deposition chamber 802 via exhaust 
noZZle 810. 

Substrate holder 804 is made from tWo circular plates 803, 
803‘ of electrically conductive material, such as stainless 
steel, the top plate 803 being insulated from the bottom plate 
(?eld plate) 803‘ by an electrically insulative material, such 
as delrin. In an exemplary embodiment, utiliZing a 4-inch 
diameter substrate, substrate holder 804 is nominally 6 
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10 
inches in diameter and supported on a rotatable shaft 820 
Which is in turn connected to a motor 818 so that holder 804 
and substrate 600 may be rotated during a deposition pro 
cess. An insulating shaft 822 electrically insulates the sub 
strate holder 804 and substrate 600 supported thereon from 
the DC voltage applied to the deposition chamber main body 
812 so that a DC bias can be created betWeen the substrate 
holder 804 and barrier plate 806 (via chamber main body 
812). The bias of substrate 600 is preferably the opposite of 
the bias of electrode 132 (FIG. 2), ie negative in the 
embodiment shoWn. Insulating shaft 822 is connected to 
shaft 820 and shaft 820‘ by couplings 821. Electrical source 
102 is operatively connected to main body 812 of deposition 
chamber 802 at connection 108 by lead 106 and via 
feedthrough 823 to brass sleeve 825 by lead 104 to effect a 
DC bias betWeen ?eld plate 803‘ and barrier plate 806. 

Barrier plate 806 is made of an electrically conductive 
material such as stainless steel, and is of suf?ciently large 
siZe to extend substantially over the substrate 600 in parallel 
thereto so that a vaporiZed source or mist as injected through 
input conduit 24 and mist input assembly 808 is forced to 
How betWeen barrier plate 806 and the substrate holder 804 
over the substrate 600. Barrier plate 806 is preferably the 
same diameter as the substrate holder 804. The barrier plate 
806 is preferably connected to the lid 814 by a plurality of 
rods 824 so that the plate 806 Will be moved aWay from the 
substrate 600 Whenever the lid is opened. The barrier plate 
806 also includes a UV transmitting WindoW (not shoWn in 
FIG. 4). 

FIG. 5 shoWs a detail of the connection of rods 824 to 
barrier plate 806. Each of the rods 824 is typically a stainless 
steel rod attached to deposition chamber lid 814. Each rod 
824 is bored to accommodate a bolt 835 by Which the rod 
824 is attached to barrier plate 806. Each rod 824 is tapped 
to accommodate a set screW 836 Which secures bolt 835 to 

the rod 824. By loosening set screW 836, re-positioning rod 
824 relative to bolt 835, and then re-tightening set screW 
836, the effective length of each rod is adjustable up to 1/2 
inch Without having to remove the rod 824 from the chamber 
lid 814. Each of the rods 824 is removable to alloW sets of 
rods 824 of different lengths to be substituted to coarsely 
adjust the corresponding spacing betWeen barrier plate 806 
and substrate holder 804 (and substrate 600) depending on 
the source materials, ?oW rate, etc. For example, the rod 
length may be adjusted to provide a spacing in the range of 
0.10—2.00 inches. Once in place, rods 824 are also adjustable 
as indicated above. Thus, rods 824, bolts 835, and set screWs 
836 comprise an adjusting means for adjusting the barrier 
plate 806. The spacing betWeen substrate holder 804 and 
barrier plate 806 is preferably approximately betWeen 0.375 
inches and 0.4 inches When a precursor liquid of barium 
strontium titanate is to be deposited. 
The mist input noZZle assembly 808 and the exhaust 

noZZle assembly 810 are more particularly described in US. 
Pat. No. 5,456,945. Input noZZle assembly 808 includes an 
input conduit 124 Which receives a misted solution from 
acceleration chamber 114 (FIG. 2) via conduit 124. Input 
conduit 124 is connected to arcuate tube 828 Which has a 
plurality of small holes or input ports 831 for accepting 
removable screWs (not shoWn) spaced along the inner cir 
cumference of the tube 828. Likewise, exhaust 810 com 
prises an arcuate exhaust tube 829 having a plurality of small 
holes or exhaust ports 832 With removable screWs (not 
shoWn). The structure of the exhaust noZZle assembly 810 is 
substantially the same as that of the mist input assembly 808, 
except that a conduit 126 leads to a vacuum/exhaust source 
118 (FIG. 1). Arcuate tube 828 of mist input noZZle assembly 
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808 and the corresponding arcuate tube 829 of exhaust 
assembly 810 respectively surround oppositely disposed 
peripheral portions 870 and 871, respectively, of substrate 
holder 804. Substrate holder 804, barrier plate 806, input 
assembly 808 and exhaust noZZle assembly 810 collectively 
cooperate to de?ne a relatively small, semi-enclosed depo 
sition area 817 surrounding an upper/exposed surface of the 
substrate 600, and Within Which the vaporiZed solution is 
substantially contained throughout the deposition process. 
As discussed in detail in US. Pat. No. 5,456,945, a key 
aspect of the apparatus shoWn in FIGS. 4 and 5 is that the 
mist is ?oWed across the substrate via multiple input ports 
831 and exits the area above the substrate via multiple 
exhaust ports 832, With the ports being distributed in close 
proximity to and about the periphery of the substrate 600 to 
create a substantially evenly distributed How of mist across 
the substrate 600 in a direction substantially parallel to the 
substrate plane to form a ?lm of the liquid precursor on the 
substrate 600. 

FIG. 3 shoWs an alternative embodiment of a deposition 
chamber system 416 in accordance With the invention. It 
includes an outer housing 402 that does not need to be 
vacuum tight, and an inner tubular chamber 404 that is 
vacuum tight. Inner chamber 404 includes an expansion 
chamber portion 406 and a deposition chamber portion 408 
that are separated by a partition 410 having a plurality of 
bores 412 through it that alloW the mist to pass. Preferably, 
there are no bores formed in the area 414 that is near the axis 
of the conduit 124 and tubular chamber 408 Which prevents 
streaming of the mist directly from conduit 124 into cham 
ber 408. Expansion chamber 406 includes a tubular portion 
415 and a cone-shaped portion 418 that connects conduit 
portion 124 With the tubular portion 415. Mounted Within 
tubular deposition chamber 408 is a cradle 420 formed of 
three interconnected Wafer supports, such as 422. Each 
Wafer support has a series of notches, such as 424, formed 
in it into Which the edges of a plurality of substrates 426 ?t 
to hold the substrates in a position substantially perpendicu 
lar to the axis 427 of chamber 408. An arroWhead has been 
placed on axis 427 to shoW the direction of mist How in the 
chamber 408. In one embodiment one or more of the Wafer 

supports 422 is made of conducting members, such as 444, 
connected by insulating couplings, such as 445. In this 
embodiment, each conducting member 444 is separately 
connected to a Wire, such as 446; the Wires 446 are bundled 
into cable 447 Which connects to DC source 448 Which is 
controlled by energy control 131 (FIG. 2). Mounted Within 
housing 402 are a plurality of heating elements 430, Which 
preferably are infrared lamps. Each of lamps 430 is con 
nected via a cable 432 to energy control circuit 131 (FIG. 2). 
Energy control circuit 31, conducting members 444, cables 
447 and 432, and heating elements 430 form a differential 
energy source that alloWs energy to be added to the mist in 
different amounts in different positions along the direction of 
mist ?oW during the deposition process. Preferably, the 
energy added at each position, either by the additional 
electric ?eld provided via a conducting member 444 along 
tubular chamber 408 or additional heat energy provided via 
a heater 430 along tubular chamber 408, is substantially in 
an amount required to provide uniform deposition of the 
mist on the plurality of substrates. Generally, this is done by 
adding just enough energy at each position to make up for 
the energy lost by the mist as it travels doWn the tubular 
chamber 408. That is, the energy added is just enough to 
keep the average energy of the mist particles constant as the 
mist travels doWn chamber 408. 

Tubular chamber 404 is preferably formed of glass or a 
plastic that is transparent or at least translucent to infrared 
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12 
radiation. Housing 402 is preferably made of stainless steel, 
aluminum, or other suitable material. 
The invention is operated as folloWs. Mist particles travel 

from mist generator 112 through mist conduit portion 120 to 
electrode 132. Mist conduit 120 may be heated to a tem 
perature slightly above the temperature of the mist, to 
prevent the mist from condensing out on the conduit. Such 
condensation both decreases the energy of the mist and 
causes mist particles to increase in siZe, Which can create 
defects in the thin ?lm deposited. The amount of energy 
applied is controlled by mist control circuit 131. The energy 
applied by mist generator 12 is suf?cient to strip some 
electrons from some mist particles charging them. Addi 
tional electrons are stripped from the mist particles When 
emerging from electrode 132 by the positive voltage on 
electrode 132, or in other Words, the energy of the electric 
?eld betWeen electrodes 132 and 134. The charged particles 
accelerate toWard the negatively charged electrode 134. 
Collisions betWeen mist particles can strip further electrons 
and further charge the particles. HoWever, the energy added 
by the ?eld betWeen the electrodes 132 and 134 is kept loW 
enough so that neither the organic bonds in the precursor 
solution are broken nor is the precursor solvent broken 
doWn. The non-charged particles move from the ?rst elec 
trode to the second electrode 134 as Well as the charged 
particles because there is a pressure differential betWeen the 
electrodes created by the exhaust system 118. As they move 
through acceleration chamber 114 and from acceleration 
chamber 114 into deposition chamber 116, the non-charged 
particles Will pick up energy due to collisions With the 
charged particles. Further, all particles pick up energy from 
heaters 140. Thus, all particles, charged, and non-charged 
are accelerated. It is important to recognize that While in 
some of the embodiments described herein, including the 
preferred embodiment, the electric ?eld betWeen the elec 
trodes accelerates the mist generally in the direction of How 
of the mist, the direction of acceleration, While important, is 
not as important as the fact that the particles are accelerated. 
It should further be understood that the term acceleration 
here means absolute acceleration; that is, the speed of the 
particles increases. While the velocity (speed With a direc 
tion attached) increases more in the direction of the electric 
?eld, the particular direction f the increase is not as impor 
tant at the fact that energy is added to the mist. 

After being accelerated in acceleration chamber 114, the 
mist particles pass in to conduit portion 124. Conduit portion 
124 is preferably heated by a resistance heater to prevent the 
particles from losing energy due to collisions With the 
conduit Walls. Preferably, the heating is just slightly higher, 
i.e. about 110 degrees or so, above the temperature of the 
mist, so as not to break doWn the bonds of the precursor 
compounds and solvent. Turning to FIG. 4, the mist is then 
?oWed through deposition chamber 116. Preferably, the 
substrate 600 is held at a polarity that is opposite to the 
polarity of the mist, thereby further increasing the energy of 
the particles. Barrier plate 806 is held at the opposite polarity 
to repel the particles toWard the substrate. Thus, a ?eld 
betWeen the barrier plate and the substrate increases the 
energy of the particles. Again, the increase is small, beloW 
the amount Which Would cause organic bonds desirable in 
the ?nal thin ?lm to break. 

If the deposition chamber system 416 is used, the mist 
particles enter expansion chamber 406, Which is suf?ciently 
large to alloW the particles to distribute themselves substan 
tially uniformly throughout the chamber before they move 
through bores 412 into deposition chamber 408. Expansion 
chamber 406 is also preferably long enough so that particles 
























